H. pylori is a ubiquitous microaerophilic microbe found in almost 50% of the global population. The correlation of peptic ulcer disease with H. pylori infection has been established over the last few decades and studies have documented that 90% of duodenal ulcers and up to 70%
INTRODUCTION
Ever since Marshall and Warren identified Helicobacter pylori as the causative agent for gastritis and peptic ulcer disease in 1983, it has been a subject of intense research and has been proven to be associated with a multitude of gastrointestinal and nongastrointestinal problems. [1] of gastric ulcers have concurrent H. pylori infection. [2, 3] H. pylori-associated peptic ulcer disease has shown a declining trend in the developed countries; however, data from the developing countries are insufficient to support the same. [4, 5] Untreated peptic ulcer disease is known to progress into complications in 20%-25% of the patients. [6] Despite the new treatment regimens introduced, we have conflicting reports in literature about the incidence of complications of peptic ulcer disease, especially bleeding and perforation. Today's treatments include long-term cure with a short course of treatment. Nevertheless, the adaptation of the organism to various therapies leading to resistance necessitates an ever changing need to adapt the therapy accordingly. In this review, we will discuss the role of H. pylori therapy in complicated peptic ulcer with special reference to the regimens for eradication of H. pylori.
BLEEDING PEPTIC ULCER AND HELICOBACTER PYLORI
Peptic ulcer bleeding is the most common complication affecting about 70% cases and has become the important cause of morbidity and mortality in peptic ulcer disease patients. [7, 8] Peptic ulcer bleeding is the most common complication of peptic ulcer disease in the West; however, in South Asian countries such as India, perforated ulcers remains the most common complication. H. pylori infection and nonsteroidal anti-inflammatory drugs (NSAIDs) use are considered as two independent risk factors for upper gastrointestinal bleeding (UGIB). [9] Numerous studies have reported a decline in recurrent bleeding episodes following H. pylori eradication therapy. [10] However, there are reports that have estimated a lower prevalence of H. pylori in complicated ulcers in comparison to uncomplicated cases. [6] Acute peptic ulcer bleeding patients are usually found to test negative for H. pylori infection. A systematic review of the various diagnostic tests in use has reported that 30%-50% of peptic ulcer bleed patients had false negative results for H. pylori testing. [6] This low prevalence may be attributed to the diagnostic method used and to the patient population being studied. [11] As there is a possibility of wide underestimation of its prevalence in patients with bleeding ulcers, it is recommended that the initial negative test should be followed up by a delayed repeat testing. [12] In patients with UGIB, one of the difficulties encountered is the diagnosis of H. pylori infection in the presence of fresh or altered blood in the stomach. The sensitivities of rapid urease test (RUT), histology, and stool antigen test have been documented to be reduced in the presence of blood in the stomach. [12] We have reported a significantly decreased sensitivity of rapid urease, histology, and combination of both in the presence of blood in stomach. [13] The various mechanisms suggested for the negative results on RUT in bleeding patients are bactericidal effect of the serum, anti-H. pylori antibodies which inhibit urease production, decreased urease activity due to various serum enzymes, and simultaneous administrations of NSAIDs or proton-pump inhibitor (PPI). Similar results about the sensitivity of RUT have been reported in studies from Hong Kong, Greece, and Taiwan. [11, 12, 14] Hence, it should be emphasized that negative results of these tests are interpreted with caution. Another consideration is that the antral bacterial density might be low in bleeding peptic ulcer, hence taking multiple biopsies from antrum and body has been found to increase the positivity of the RUT. Most authors agree that a RUT cannot be the only test done in acute setup, and a negative RUT in the acute stage is an indication for a repeat test 4-8 weeks later as this has been found to yield an 80% positivity in previously negative patients. [6] Histology has been found to have equal or lesser sensitivity than RUT according to various studies. The positivity is highly dependent on the site of biopsy and the bacterial load as previously described. Hence, histology should be interpreted along with other tests. Culture and polymerase chain reaction (PCR) are time-consuming and there are conflicting reports of the sensitivity of PCR in literature. However, most authors agree that a modified real-time PCR could improve the diagnostic accuracy in UGIB patients. The sensitivity of stool antigen test also decreases in the presence of blood.
However, urea breath test (UBT) has been shown to be unaffected by the blood in the stomach and has a high accuracy and positive likelihood ratio in UGIB patients, and hence, requires no further confirmation. [6, 14] The only objection making it necessary to delay the test is the requirement to take urea containing solution orally, in a bleeding patient. Serology has been shown to be more sensitive than all other invasive tests by a study done in Taiwan, in bleeding patients. [14] However, caution should be exercised when interpreting the results, especially in patients who have been previously treated for H. pylori infection as the antibodies have been demonstrated to last for up to a year. There are reports of higher prevalence in bleeding ulcers being detected on performing delayed tests and in studies involving younger population. [6] There is a consensus in literature that as none of the diagnostic modalities available have good diagnostic performance in the setting of bleeding, it is recommended that a combination of modalities be utilized rather than relying on any one of the tests as a first-line of investigation. It is also recommended to follow-up the negative tests with delayed repeated tests.
A recent study from Taiwan has emphasized on the timing of eradication therapy and has recommended administration of anti-H. pylori therapy within 120 days in cases of bleeding ulcers so as to minimize further complications. [15] The relationship between H. pylori and bleeding ulcers and its influence on rebleeding rates has been elucidated in detail. It has been estimated that there is 10%-14% risk of hemorrhage on 5-year follow-up in untreated duodenal ulcer patients, the risk being further higher if the patient has already had an episode of UGIB. [16] A prospective study done in our center has reported the prevalence of H. pylori in bleeding duodenal ulcer to be comparable with that of noncomplicated duodenal ulcers. [17] Evidence supports H. pylori as an independent predictor of bleeding duodenal ulcer recurrence. [1, 18] There are meta-analysis studies that have established H. pylori eradication therapy as more effective than noneradication therapy in preventing recurrent bleeding ulcers. [19] H. pylori infection and NSAIDs use have been found to be independent risk factors for bleeding peptic ulcers. [9] Patients who are on long-term NSAID use continue to present with bleeding peptic ulcers despite H. pylori eradication. [20] Hawkey conducted a prospective, controlled study and found that in patients with bleeding ulcers, H. pylori-positive NSAID users were at more risk for bleed than H. pylori-negative users. [21] The declining prevalence of H. pylori could have reduced the effect of increased NSAID intake. Similarly, patients requiring long-term NSAID use should be tested for H. pylori in advance as H. pylori eradication has been shown to decrease the incidence of peptic ulcer bleeding. [6] Since the discovery of H. pylori in the mid-eighties, even though the etiologies of bleeding peptic ulcer are changing, diagnosis of H. pylori remains the priority. RUT is the most commonly used. If it is negative, combination of other invasive and noninvasive tests should be done. Eradication of H. pylori can reduce the rebleeding risk, and is recommended to be started as soon as possible. The association of H. pylori and the role of eradication therapy in preventing rebleeding episodes is summarized in Table 1 . H. pylori eradication is also useful in patients who are on concomitant treatment with NSAIDs, aspirin, or other antiplatelet drugs.
HELICOBACTER PYLORI AND PERFORATED PEPTIC ULCER
Perforation occurs in 2%-10% of peptic ulcer disease and accounts for 70% of peptic ulcer disease associated [11] Meta-regression analysis 71 studies --72 --*RCT = Randomized controlled trial, **I = Intervention group, C = Control group, HR = Hazard ratio, H. pylori = Helicobacter pylori deaths. [26] Till date, the preferred treatment for perforated ulcers remains the primary closure. However, it is associated with an unacceptable ulcer recurrence rate of 42%-50%. [27] Combining definitive surgery with the emergency procedure reduces ulcer recurrence but may be associated with long-term side effects in patients who would have been cured with primary closure alone. [28] The lack of a reliable method to identify patients prone for relapse emphasizes the need for alternative approaches for reducing ulcer recurrence.
Although H. pylori is a well-established cause for peptic ulcer disease, studies investigating the association between H. pylori and perforated ulcers are few and divergent. There are reports suggesting a varied prevalence of H. pylori from 0% to 92% in patients with perforated ulcers. [29] [30] [31] [32] Multiple studies have attributed high recurrence rates of duodenal ulcer following simple closure to a high prevalence of H. pylori infection. Ng et al. in a study on 104 patients treated with patch closure of perforated peptic ulcer, reported no disease recurrence in 95% of the patients who received postoperative anti-H. pylori therapy. [29] However, there are reports which negate an association of H. pylori with perforated ulcers. [30, 31] The discrepancy between infection rates in the literature, however, may be due to differences in the study populations. [31, 32] For instance, an infection rate of 83% was found in an Indian study done on young male smokers who had acute perforated ulcer whereas another small study on Indian population showed all patients of perforated peptic ulcer disease negative for H. pylori. [32] The divergence in the association between perforated peptic ulcer and H. pylori may also be attributed to the lack of uniformity in choosing the biopsy sites. In the latter study from North India, intraoperative biopsies were taken from the site of perforation for diagnosis. We have always preferred to do biopsy on elective basis at 3 months postsurgery period so that the suppressive effect of postoperative antibiotics does not affect H. pylori detection. [33, 34] When the biopsies are carried out during elective endoscopy, the sites for taking biopsy are precisely identified and there is no discrepancy in carrying out the endoscopic test.
The role of NSAIDs use as an independent risk factor for ulcer recurrence has also been debated and might act as a confounder in studies evaluating the role of H. pylori. Studies from the West have shown that chronic NSAIDs use can lead to peptic ulcer perforation which is independent of H. pylori infection, as in many of these populations, the overall prevalence of H. pylori is low. [35] A study from Switzerland reported an association between H. pylori and acute perforated ulcer regardless of chronic NSAIDs use. [36] There is also evidence that proposes a specific genotype of H. pylori as the causative factor for peptic ulcer perforation. Hence, the substantial genetic heterogeneity might be the reason for prevalence of H. pylori being similar in patients with perforation and controls in various studies. [37] An earlier study reported from our center found a prevalence of H. pylori in perforated duodenal ulcer comparable with that of the controls, but the H. pylori infection rate in patients who had recurrence on follow-up was significantly higher. We could demonstrate an association between H. pylori and recurrent ulcer in short, intermediate, and long-term. [17] The study, however, failed to clarify the precise role of H. pylori eradication in preventing ulcer recurrence, probably owing to the metronidazole resistance in the population. In a study that followed, we used a quadruple regimen (excluding metronidazole) with a probiotic and had reported that in the eradicated group ulcer recurrence was 18.6% as compared to 70% in the noneradicated group. [33] There is strong-documented evidence in literature supporting the role of H. pylori eradication in duodenal ulcer following the initial surgical management. It has also been established over the past few years that H. pylori eradication therapy decreases the recurrence rate of perforated ulcers. This data have been summarized in Table 2 . Hence, anti-H. pylori therapy should be recommended for all H. pylori positive perforated peptic ulcer disease patients.
HELICOBACTER PYLORI AND GASTRIC OUTLET OBSTRUCTION
The third most common complication following peptic ulcer disease is obstruction. Literature is diverse about the association between H. pylori and gastric outlet obstruction. The prevalence rate of H. pylori in gastric outlet obstruction varies between 33% and 90%. [40] The wide range in the prevalence may be due to the number of diagnostic tests used, namely, only staining versus staining and RUT/histology, NSAIDs intake and the number of biopsies taken. Negative test results may also be due to the inability of H. pylori to survive in the obstructed stomach. Long-standing ulcer with recurrent episodes of ulceration and healing can cause cicatricial stenosis of the pyloric lumen as well as cause alteration in the intragastric milieu. We had reported a high prevalence of H. pylori infection in duodenal ulcer with gastric outlet obstruction even in the absence of an active ulcer. [41] A study from our center also concluded that the curative role of truncal vagotomy is independent of H. pylori status. [42] Endoscopic evaluation of gastric outlet obstruction may be misleading and symptomatic relief should always be a goal in these patients. Sometimes patients may have stenosis of the pylorus on endoscopy; however, they might be totally asymptomatic. In most of the obstructed patients, the cause of outlet obstruction is often due to edema and spasm of the duodenum rather than cicatrization of the duodenum due to long-standing ulcer disease. The proponents of anti-H. pylori therapy for gastric outlet obstruction suggest that active ulceration associated with H. pylori infection leads to obstruction primarily due to inflammation and edema rather than fibrosis, and hence, H. pylori therapy permits resolution of the obstruction. However, in cases of complete fibrosis leading to gastric outlet obstruction, surgical intervention offers the best form of relief. There are few isolated reports of resolution of gastric outlet obstruction following therapy for H. pylori, obviating the need for surgery. [43] The role of H. pylori in duodenal ulcer with gastric outlet obstruction is yet to be evaluated clearly; however, eradication is indicated as a primary intervention in literature. [40] The summary of available literature on the role of H. pylori in gastric outlet obstruction is described in Table 3 .
Again, we reemphasize that if the obstruction is due to fibrosis without any evidence of spasm or edema, then surgery offers the best form of relief, especially in countries where patients have access to off-the-counter antisecretory drugs and the diagnosis of duodenal ulcer is delayed resulting in a chronic duodenal ulcer with gastric outlet obstruction.
HELICOBACTER PYLORI ERADICATION: OPTIONS FOR THERAPY IN COMPLICATED PEPTIC ULCER
It is well established now that the eradication of H. pylori in patients with bleeding and perforated ulcers reduces chances of ulcer recurrence as well as the complications. The present treatment guidelines recommend the PPI-based triple therapy as the first-line of treatment, which includes, a PPI with amoxicillin and either clarithromycin or metronidazole for 1 week. [47, 48] However, a bismuth-based quadruple regimen is the recommended first-line treatment in areas of known clarithromycin resistance, which includes a PPI, bismuth subsalicylate, metronidazole, and tetracycline for 7-14 days. [47, 48] The eradication rates in all the traditional regimens are similar and are only partly successful. [49] However, there is a wide consensus that in a H. pyloripositive duodenal or gastric ulcer, eradication therapy is effective in preventing recurrence when compared to just PPIs or no treatment. [50] The standard triple therapy (STT) with PPI, clarithromycin, and amoxicillin thus remains the recommended choice when patient has not received clarithromycin previously. In cases of penicillin allergy, metronidazole is the recommended substitute for amoxicillin. Bismuth quadruple therapy is the preferred alternative in these patients who have been treated with clarithromycin or are allergic to penicillin. However, as bismuth is not widely available and can be a limitation.
The STT regimen proposed at the first Maastricht conference is being widely used with an eradication rate of 71%-82.8%. [51] However, there is a shift in preference to sequential therapy (ST) in the West as recent evidence suggests ST to be superior to conventional STT in terms of H. pylori eradication. [52] [53] [54] [55] ST has been shown to be superior in the management of clarithromycin resistance. [51] ST includes giving a PPI with amoxicillin for 5 days followed by triple therapy with PPI, tinidazole, and clarithromycin for the next 5 days. Evidence shows encouraging reports of higher rates of eradication as compared to any of the other present regimens.
A study by Liou et al. compared the eradication rates of ST with the STT and showed eradication rates of 87% and 82.3%, respectively. [56] This trial also demonstrated an eradication rate of around 90.7% with extended ST for 14 days. [56] A systematic review by Vaira et al. of 22 randomized controlled trials (RCTs) on 2380 patients showed an eradication rate of 91.3% with ST. [57] Jafri et al. in a meta-analysis of 10 RCTs including 2747 patients demonstrated ST to be superior to STT (eradication rates: 93.4% vs. 76.9%). [51] Although there is evidence supporting ST over 7-or 10-day STT, the eradication rates were similar between ST and an extended 14-day STT. [55, 56] The compliance rates and side effect profiles too were similar; however, ST was cheaper, and hence, the economical alternative to STT. Another modification of ST is the concomitant therapy (CT) where all the four drugs are given together. CT was reported to have an eradication rate as high as 90% in a few reports. [58, 59] The efficacy was found to be similar in another study. [60] Another study from our center also reported similar results where ST and CT were comparable in terms of eradication rate, cost, recurrence, and compliance to treatment. [61] Even though ST appears to be highly efficient in eradication, there are still some patients who fail to respond. Hence, a second-line treatment was developed for this group of people, called salvage therapy which included a PPI, with amoxicillin and levofloxacin for a total of 10 days. A pilot study carried out by Zullo et al. concluded that this treatment was successful as an alternative in the event of failure of ST in 85.7% of cases. [62] The American College of Gastroenterologists suggests that the salvage therapy is successful in three-fourth of the cases when implemented after a failed ST. [48] The available clinical trials on salvage therapy are, however, limited by a small number of patients and have demonstrated a varied eradication rates ranging from 63% to 94%. [63] [64] [65] A recent meta-analysis demonstrated a levofloxacin-based triple therapy for 10 days to be superior in H. pylori eradication (87% vs. 68%) and with relatively lesser side effects when compared with a bismuth-based quadruple therapy for 7 days. [63] Another report from Italy demonstrated an eradication rate of 84% using rabeprazole, levofloxacin, and tinidazole replacing amoxicillin. [66] However, levofloxacin resistance in 16.8% of H. pylori strains has been reported from various countries. [67] [68] [69] [70] The resistance pattern, however, is yet to be determined.
Hybrid therapy is a novel treatment regimen which has recently shown to achieve better eradication rates when compared to ST, especially in the setting of dual 2000 [44] Retrospective study 24 Histology 33 -
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2000 [45] Prospective study resistance to clarithromycin and metronidazole. The superiority of hybrid therapy may be either due to longer duration of therapy or concurrent administration of antibiotics. Hybrid therapy encompasses PPI with amoxicillin for 7 days followed by PPI, amoxicillin, metronidazole, and clarithromycin for the next 7 days. Recent studies demonstrated an eradication rate of 82%-92.9% with hybrid therapy. [71] [72] [73] [74] A recent RCT from our center on 194 patients demonstrated an eradication rate of 88.3%. [75] Although when compared to ST, eradication rate and compliance were better, ST was found to be more cost-effective than hybrid therapy. [75] A meta-analysis of 1985 patients demonstrated the higher efficacy of hybrid therapy when compared to ST. [76] With the rising threat of drug resistance and decreasing efficacy of older regimens, the need for testing newer drugs and implementing new treatment regimens has become a necessity. Rifabutin, an antitubercular drug, has been used in place of clarithromycin in a few studies with reported eradication rates of 38%-91%. [77] [78] [79] [80] Another study reported the treatment success to be independent of the presence of clarithromycin or metronidazole resistance. [81] However, the side effects of rifabutin include rash and gastrointestinal complaints and less commonly myelotoxicity and ocular toxicity. [81] [82] [83] Similarly, use of furazolidone instead of clarithromycin, metronidazole, or amoxicillin for persistent H. pylori infection has demonstrated varying eradication rates from 52% to 90%. [84] [85] [86] Although no consensus is achieved as with the case of uncomplicated ulcer disease, there is commendable evidence to support the role of H. pylori eradication in the treatment of complicated peptic ulcer disease. [1, 19, 50] Hence, it is mandatory to test all patients with complicated peptic ulcer disease for the presence of H. pylori using combined modality of tests and delayed testing after 4-8 weeks if required in patients with bleeding. This should be followed with anti-H. pylori therapy in positive patients, with either STT or ST or hybrid therapy or quadruple regimens or levofloxacin-based therapy depending on the resistance patterns and community protocols in place. Maastricht IV consensus report recommends eradication therapy in patients of perforated ulcer; however, PPIs in complicated duodenal ulcer are recommended until eradication is confirmed and till complete ulcer healing in case of gastric ulcers. [1] The effectiveness of H. pylori eradication therapy in preventing rebleeding in infected patients has been well established; however, the timing of therapy remains controversial. [87] In patients with peptic ulcer bleeding, empirical anti-H. pylori therapy along with resumption of the oral feeds is the recommended cost-effective strategy for averting recurrent hemorrhage. [88] CONCLUSION A high prevalence of H. pylori infection has been demonstrated in the peptic ulcer complications, namely, bleeding perforation and obstruction. There are reports suggesting persistent H. pylori infection as independent predictor of rebleeding risk. However, the empirical therapy for H. pylori is not recommended for all complications of peptic ulcer disease. As the reported prevalence of H. pylori is high in bleeding duodenal ulcers, empirical therapy is often advised following control of the bleeding episode. In patients of perforated ulcers, apart from a prevalence of H. pylori infection of 60%-70%, there is a significant reduction in ulcer recurrence in H. pylori-infected patients who received eradication therapy following surgical management. This underlines the vital role of H. pylori eradication in patients with perforated ulcer disease. However, a "test and treat" strategy is preferred than empirical treatment following perforated duodenal ulcer disease. Although surgical treatment is preferred over endoscopic treatment in patients with gastric outlet obstruction due to peptic ulcers, limited reports of success of endoscopic modalities combined with eradication therapy indicate the importance of anti-H. pylori treatment in these patients. Empirical H. pylori eradication is advisable in patients of gastric outlet obstruction treated by endoscopic methods; however, it does not have a role in patients treated by surgical methods. Among the various treatment regimens available, ST is now becoming popular with eradication rates similar to that of STT. However, the treatment regimens should be judiciously chosen based on the patient compliance and regional resistance pattern.
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